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t. ^ih*- V M lU) tc tf t, * k vj 2 tl 1» n 

-t n w Vco-Vss 1 ft u , ft B fin rc * g < ft 5 . 
(7) ffi 7 ViM n 

**1 1 56aKl;H-!rj; 5KJtP+'*4r)!f«>, »U9 
ca*C*Urt:J-. 5ftt«-f* C VBBD>VnD> V 8S ) « «t Ssi « 
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S. * tie m L . Vjjsc^Vss j Vxdp=V bud i l, . Via ? 

ti 3 P f- -v y * * h ? ^ i> # r, « fie l . 
V B bd ? -( x t -t ^ o Vdoc 9 4 J" t « IU1 K M W *t 
C V in, re. X U V - H»IS<Jil5Pf+y<.*t 
? ^ i> j* * P , fe»WL*t«>«-eSb4.<*jt* 
- Y Ml f« tl Vin, *i (ft " ~= >" Hi EE » Vin, &. fa u ^ 
^"'iKlEKifcO-C. K 9 >■ 9 P , tfi ;T V . h 

*7 / J 9 1' s * * 7 t * 0 . VddC^Vqd -c A 4 „ 
CiiiE59LTIi5I*iflLIC»LTtt. Vin, z>: ft u 

* IE It" . V in, *sfSv-<A-tHI£K:/x-?-C» h? 
y i? ^ ? P, * * 7 . t-?^tJ-^^l J »»>'3f^fcZc 
'J » V DDC =V BBU t ft ij , ^ t 5< * i>) 2 ia 
Vddc .V S sc OwttiSjti* i < ft 4 . 
(8) » 8 % ft ttl 

Mil 6»K*ri5KCPt*4;fft), ft 

i 7 inic*r i y<it»« cv DD >Vuu '> v ss ) « ^ 

j» Hi BE %r <3S ,tti L . V BEC .-Vjcbn - V ss ,VxiiP =Vuu £ 
U . V DD - 9 '/( ^ t * a- <o V 0D c ? -f ^ t <OM tc P 

fiK L . V D d ? 4 >- t * * n Vddc ? -f ^ i. <o ttU 
m Kill <W HI tH vTT, re. J: ij '/ - HM»3 h5 P f V 
y**>?yi>A*P,ttSKL. V BBD ? -f ^ i. 
■t to -f y t « M (C ISJ » « ff vTn", 4C J; 'J 

'/- h»!IWI?*i.*P*-* I- ^x^-r^P, 

itltWUfttin-Cibi. ffjhi - K Wj IKJ « V in 5 
t Vin« £ tfi Ai u- -i /i- Ht i£ . Vin, t Vio 4 t j>» fft u 

r ? N,l P.iii 7 t$ ij , V asc 

-Vss .Vnoc^Vnu -c £ * . £*vK)?jl-CIKA.iii'l 

KK L T li , V'in, £ V in* fc*JS<U:U'-i.»/l£tfc, 
Vin, i Vin, t iiJS *B EEKftOT . )■ i' 

N,i P.ji* 7, h 9 >-y^^ N 4< t P,j>J 
V K ft U , V SSC = V BBS _ Vddc^Vbujj t ft 'J . / 

* U * o 2 % i» Vuoc .V ssc <o -t(t ffi : is *>i ^ $ < ft 

<S o 

(10)31 1 0 * As 

Jft 1 9 BKjir i ) K R P « j. % ft-t, , 

2 l la K >j; l «: J: 5 fa to -f* <o lit ig ai * ffl l s 
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«ffl«S53-2 1139 1(6) 
- ncstitu^J; 5Jt "vTn", * HJ in L . v U d ? -/ 
•s t * ^ "5 Vudc 7 -f y i io r»l K p f -v v 1. * k 

21 I Vdd< -V ss I K. Jt "C Sft A. W L K: L "C « ^ 
w IVqu-VssI iiftu. «jiP)0<)K;*§<ftio 
efcec. >.t!i**»)iie*iflLKissLt/tv 

■k iv <r> 2 is; & t «) U & x ' "C -6 /" "I 2 % t» (O 14 
£2 St "ar it * - J6i Wi «-> -t K J: U t> * ^ < l . 

0) m 9 * le « 

Ml BBKST J; , 5KHN'lr*tfilti., m 
2 1 m K r J: 5ftte<« (V BB u>VnD>Vj;s>VBns) 
« t£ «P % IK 4: *t ^ L . VxKN^DBs i L . V ss 
? -f v t -t /f «-> V ss(; 5 -f f t O PS K S?J fu 1B IE 
Vin, K. X U r - IS1 « 3 lv 5 N f t y j, ,v h 
•) v & 9 N,t g(4 U . V B jj S ? v i. -fe/no 
Vgsc 9-f >-i:tOfiflrc«Uteii6;aiV in, ft J: 0 y - 

Vxbp=v bbd t l * (> »> t * ij , _h se « * vn n 

- ^ £li tie n t£ « ft 4 ii It f a6 -5 t v ^' 9 W JiS 
Cixj m U «*« » Wl 

CN f * S 4 i,v|j SS 7 B O CP -t j- ) },} , 

2 i B k a, t ft 1 5ftU8«i«'>iiifiSi*;iE ] fc(*fflL. 

VxiiN=VBbS . V otp =V b bu t UftfeOtft-JT , SlJ 

se s? 9 f{ Mi w k jt -< x fit" m -k ^ o ffi m U i O' -fe 
» « " y * r - i- er> «i m h£ « ft 4 <t -c * -p 
t . m 9 « % in k m c it m n & <n ft t> ^ * . 

(J2) S» 12 # » ?fl 

2 5 a K * T Jl 5ft{iS« (V nD >V DD .>V ss . >V 6S J 
<r>«C«miE1r<*fflr.5 f> T * IJ . fe' I 8 m *r 
J:d:S2 lCa4:Sfi«Lt:6iIiELA:a?9«J(5«|f5 
Vbbd .Vno .V ss .V BBS 4r ft B £ l t i 2 3 la O 
Vcd. Vdu- .Vss' V ss rclggiSHifttn-eftot . 
m' 9 * jfs w rc * c Tt tin us fr ft ^ h. a » 



da) % i 3 * a «i 

$ 2 3 a K ^ T X 0 K K P t * t s , m 

2 5 a k * l i 5i f x6s*<o'*ias(mt£ ! S!rtf;wr 

4 i " t 6 U > eft 1 8 BSl *? J: Vi 2 1 ta & & Bft 

(14) & i 4 * w 

e£ 2 4 IS K 3i r 1 5 (C CMOS * ( SJ 6 63 « 
CN -fe * £ 4 ^ |± ft 7 Cs| <o CP * /K ) ♦# . Jfl 
2 5 IEU *C L !fe -t 5*clW*H01i£i8ilB:i£&«£fflT 
6 fe »> tr * u . »2 06a*fio:jSft2itjg ! fca»«« 

L T tt M L ft (S 1 l*»Wl' r >1lii»fltflE%rtB2 3 
liS«0«I)Sttil£K;|ffi#»!X.7tfcf3-CAC>-t. 5(4 

l I ^ Ms fflj ft * C A lift fp 'ri it to ft i> „ 

ft k , an ge «k s ~ «r :• i i ti& m k & mw 

t£ Bi Vin, -Vin, O B B K o n T K a r « . 

» 2 5 Ki K K ^ t > £ 0 tt It'll m W t£ $6 *i£ B (!S , 
2inii?.i*7'a-jr x 2 2 11 H/W ( IfcUi/^iii ) 
toll W lei IS . N, J; & N e H f y t- *8 j8 #S ft) <o N 

* ft 3r ft *J fi, U -C Si l 2 an. V DD . V B bb . V UD . 
Vuhs *> £> tt 1 3 tsfl o Vdd . V ss . Vco.Vsstil 
JiJKHiSK t» %T L . V„, = Vin, , V„, = Vin, £. 
tti i 5 KfciBTi i fit £ H/W ftU «l Isi t» * ii K . 
WiiAAUV^i^Wtjt*- K K W 73 / - K C 
tf! ilk U % bl i. ft IJ . V 0) — Vqd, ( fe, U- -< ,k Hi 

££ ) . v„ = v KSl (ifeu^A-mtu)^^*. C ft 
k.*j l t . etA.tuL»*K:wtti?3y - y c & * -> 
* r 3 - f j ) ») w ^ Vc t Be a ffi t ft ij , j 

V S s, . V 0 , = ^^00, ttti . L ft i ; O T i Bt-^tbL 
US K tt . *?Ai«3Jiiit-»jnt;? I- fe! UL , 
BL. K )ji K; * ft £ t J) -t * k {It j 5 2 U[ 

» us £E »> ib: ffl ^ ^ X ^ < ft y , t a ij « -c * $i 

'it £ t /£ -3 fc 1 2£ f l )S IK 9 - KtHiRSetS ft* 

i uu o a -e ^ K *« (t a — f> *s jg >b k ^ v y 
^ ^ ^.r d ^ tc r£ ij . c « & *r< -t f > X £ ^ (ks Sii 
?J t f ? h fci! B L , b I.. w I- y ft »• — 3j ;*» <tfe ^ ffi 

HK«I« is * ft . * '> e y (■ fa 1 iii. tf: & f ? n 
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T v * *• ^ f t v f . SL *t 1 Fl IJ * v 

! f- J t-st.n'Y>? 2 Jli*x^.7>'7' 

-C * 0 . t /KO t ia J8 ^ « S li •« B L t * 6 ^ 
— it <r> f y f WBL ."bL K*iaiK3gj*sft-ci/> 
* * j>- W M — nie« «*Sft(!rcgfM;$ft4„ 
HilJ W ta BE 5fe la S3 2 o « . P f 1 y t * I J v 
i>A#P,iNj-+yj-*|?y|?^;N l ii> 
b t S CMOS < >• a - # CI , i . P^-y^*/i- 
h 5 v & * ? PiiiNf *y** l-^xojty 
N,o t <p ft S CMOS -f s - f Cljitfs-gfJs 
*« s ft t ft 0 . : c ■ciEfiiec'O ■( x« - # 
CI, <o tti 7J 4r Vo, . KK^-f v - 9 CI, o ui 

U<4. 2 6 El O [01 IBS Kl « 1,% T . -t/''«BSl* 
t* tjtfej « *J Si) Ifi » 5 S till f«J ( 1 2 SB ) * 4 ^ W 

»' 6 w is if! c a»' i 3ej)ot)')ti64Sf&, »ti 

i»llHt£ESiSSt|J3lH5£ « n* flR EE V UU| _ V SSi a X 
tf * x ^ (S 7 !l f t - i> flj ^ ? y ^ ^ y N, , N, 
« m. -Hi Et V.O0, J.5 J: if y y ? - I tt£ V SSi 

mm h ? y i? ^ f N,,N, ^rfl-Lt — iPJO-fex^ 
ttiSL.SX k fs to u . *fbic-t^^7^7-2 a 

J: IJ ta fe $ It. Bt A m u te £ U T m 33 * ft 4 . 

i/e.Jtte«2 6isgic*f^-c. * ^ w * «e 
W)«*'i69H>is«i(aii 8 la ') « «. v (* » » 2 

la "i Vssi .Vdd, .V ssi .V' jjd, ft -t ft 50 15 L 

t si i 8 isa tr> v BBS .v BB£) ,v B 8s .Vbbd s 4 i-Mi ai 

2 2 Eg) V ss .Vqd.Vss .Vnu i ft Z> i. 5 CC ti£ V® K 
«8 4r L . V 0I ===VhT 4 = Vin, . V 0I = Vin 4 =vT n " s t it h 

■tiKidSsiTa. sijgt: r/w a,ij mm) as 2 2 n . 

»^ & i £f tClht - K B# *C Hi 53 V - C 

Oi fi£ l- ^ tfi. £E i 'J . Vo.-Vuo, .V 0 ,-V ss ,i jf £ 

ic »i ifl 33 y - yCjiJUiz-i/mjEiftij, 

v 0 i = v ssj . v 0 , = Vqo, t rt z> o : « k * hi l b 

liSftlilitL 5 . IS 6 ^ M n ill ft t (w] « 

■r * «> . 

cF R> K . ili/ Be ife 2 6 ISSJ K. in (,> X . -fc m tl« iii 

KWtt*!* i 1 * « ( at 2 0 isu ; s a !<■< w s$ 



1 4 Vi 1M n ( ifi 2 4 ^1 ) t> f ) T 35 O T . -r 
^fc'lxSUfilHlK/FLft.t 5«tCNi*ifli,<ja 

4 i.> li » l 2VI«ii4WlK*5<t41Sll!i*iK*sj:y: 
ffiij t l»J »(tft«TiiliJ;t>.' 

J627iaiC*il,<tH, f7 HS«tt!K Pf-y 
* * f 9 j< *>'a ^ P,* J; t>" F , . * i' ^ 4H f- 
■V - fSl(tP ft/j.* h •} -s i> 9 f, iriiO 
fi % ttH<> . to ■> u-f ^ - y z i ' Kjiif R/W Kit) 
MiBilft 2 2 ' Kfi^^A-fta « 'alt ") t> ^ m ^ . 
it'ij W Hi EE Se it El ft i f to gij -f s - 9 CI , « 
IH i *> £ V„, , tfe fist -< > ^< - * CI, O ttl » V M -c 
3<<i to L . <& BIS TO %. W Us". tt * tel * to jttl < V UU2 , 
Vss2 . V' DD2 , V SS2 -C H. to t t> TO £ L . « flk tt 

SB' 2 6 ia t in" t * 6 . 

v i - !s 2 7 6s it * ^ t , * ^ flE ift Sf Hi lw tfc 

# Iff 7 * ifa ffU ( ifi 1 5 & ) 33 4 l,x « Jj> 8 ^ /fe #y 

C Jb i 6bg Ta5*«j®-. #2 7 a« 

VUD2 .V SS2 , V- uu 2 ,V SS ;. j)i -t ft ^ j\ ft y t , L x sR 

1 5 feu to VBao.Vss.VajjD.Vss 6 4 hb SI 1 6 lao 

*» 3 n Sft A- /U L -fsf £ L t 1KB 3 (15 . 

t . J: s£ a 2 7 a K n i< t , * J* Hi Ml f£ Mt 
Wi « tf< I 0 W AS ffl ( {ft 1 9 lag ) S3 6 n W |g 

1 3 * » i«) ( ig 2 3 liil ) « t. « X- S 4 » ^ , m 

2 7 Ian V as2 .Vixjj .V sss .V'dm jji * ^ % j-i srj 
L T S(4 2 0 la TO Vhbs .Vjjjjd.Vss .Vud* 4 *2 Js 

2 4 iss to Vss.Vud.V'ss.V'dd i ft 5 j: 5 Km*(n; 

*S %r L . V 0!1 = Vio, = Vin 4 . V<„ = Vm t = V in, £ ft 4 

s k v nil ici &i 2 7 ia «. jit u> t . /i' fe yy 

« SH 1 1 ( S"s 2 0 B ) 1 4 

( » 2 4 Bi ) ') t «)t 1 , -t ix. -t' ix 

*7Btf:SL/ti))lCl'ifr4:ffji> i> m K 

tt . t JlWK L T ±« L )t 1 1 w is wi » 

4 tt 8ft 1 2 « 'h (HJ K J5 it i « iSi S Si i* J: M 

*» * If- **t t N to K & *£ T )i li J: i- , 

ft * . _h .vk' L ft Ui 2 6 fe) > j|4 2 7 l«l K *J It 4 

ilfli *>P tK tt ife i-E mi a 0 n , cmo h isj ks w i« ") t, 
f ) 4: 3i L ft i' . * ^- ^ -« > >- (■ 2S2 (■ 5 ^ ^ 
# t T -f V ■ y £/ 3 ^ Xli! t ■? s V * .i> t A" I? ft 
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VDD.Ves.VoD.Vsij tft4i:-5rcit£(*S:is^L. 

V„,.= V iai .V 04 «=Vin! t Ts. Z> X 5 « Si ft! T 4 . SS 
gt; R/Vl' ftftj W tt Kg i 2 ' b. . tf -Mi* fe J; u. fl; 
it * - K fl* K lli yj J - K C « 1/ j- t| ti i ft 
'J . V e3 = V SS2 ( IS: \s -< i» -ffl l£ ; V 0< = Vr,,^ ( ix 

«- H£ 8i ) <b ft 4 o C h It B' L t » 51 ^ 111 L 
K « CU ?J / - K C il j) =p J~ zi - f 2 t ' cr> fft J) 

v c i. i»j 1: mffi t ft 0 . * 5 *ajtiiitij v c 

ii|4 f-t/vKfti t V„ = V D1>2 , V 04 = V SS2 i ft ^ „ 
L ft -5 t , Hil A IB U S* K tt . i 5 A jSK ? Ix 
ft — m 0 ) t y h WBLi , JTL KgtSSJvfciTO 

«*K«»S4tS 2 « » »K tt <»> * ffl * )4t S < 
ft 0 . th(j«**«iiS(tfn)k7 - K *!i W L 

5 * 1a: ffi *j 1ft w -< * -«i tt ft o ft 1 & 01 ^ jK 
7 - k at k: «e ^ n ft 1 «a n -t a- >t « it 4 

— IiiK2W I 5 ^ f y t ftij , Jtff) 

■t * «0 * # ft Si Stfi 2) -C- £ y I- SK K I. . BL nny 

i\ — 25 z)i ^ 1t£ tt (H) K ii * iS * ft , ^ tf) ii- y l- 

&t Hi tt W. f 9 V i> ^ f V 5 , 1--, *T ^ L t h- >■ x. & 

aij ,sl it to u , v 7 s y 2 j t x ij 

4 »f ss t/JJ laia«"K«b«)-C fc J: k>C £ li m 
•C » 4 . 

£ ft > SO &i ft- M M K aw v > X . / t ij t * {( 

H "J ^ JZ! EbJ x- m ^ h ir x ^ 4 ttt t% til tt Vdo 

£>' V ss TO ;i K > * y * b, T- >H ^ t, H 4 ^ $1 

Wt tt v bbd . Vans ,V - ud , V ss n > X * 'J IIS /J> ^ #f 

fe^U^ii, JiA T K ili 4 J; 5 ft it :<S ^< -f 

7 * 56 Si PJ WS TO tu ?J V «) n X t> J: o 

« 2 8 la ic n n t . -(~ v - ^ I, - i, ix y >- 
^ * i/ w - # i- 4? tt u t k ij , 1 n ? i< l- - j. 
to (ii jj m u -f - #. 1 4 ^- jt c> 3 ^ -3)- c: , 4: 

U n KirLX V B118 ^ - y K IS K J f I . C. TO V - 

ft •< Jf - K U, 4r JJS |£j K ^ L X V ss H£ ^ ( & 
«l it } K ¥k Jill 3 K , Z 01 r H -Jt - Y U , K H£ 

n k *¥■ f» ? ^ r f d- c , *j ss K s k t »,> a . l 

ft i« -3 X . l|- i/ 1/ - ? n (!) JJ (I ^ y y< - ; 1 4 

»c i 'J *B dm * ii c to tu vj n a x r >■ c , ^ 

fl' L X Vubs / - y k. f- -y - & ii ~s 7" ^ar fj 7j: ; . 



IJ fi n ft * !H * f r« 3 y f y ji- C , K J; ij f ft 
Sh« i £ 5 LT. Vbbs / - 1' (t li . X * <) -t 
Jii ft <0 M) J2 Isl 18 °~> 2 ttt ifit V DU , V ss ')Hl£SEffl 

» 2 9 H K J* t> t , »( > y< - ;P I,' - l a ' fi i; 

? «> W ?3 Ml H < y /i - # J; if 3 y f y 

C, V It" K yf L X Vbbd/ - y K. & (ft $ ft. . ; n 

/ - KB F f + y h 5 y J K J; lj 

£ ft ft. -f /f - !•- D, %r aSS »" f«J It ?T L T V a) Hj jfe 

Kfeft? n . c « r < * - k xj, rc je yij Jf «} ? 

*SS*<it vif L ft. jji o t . 
* c i' - y »iB »H 1 y a - i' ( IC J: <J i@ Ms 
3 *!. . :«l|CJtt3yf x*C,t<H.t V BBD y- 
- K It f V - y .1; y 7' V ff fx ^ , - 1 ^ - 
»4 V UD m £E J: y ft i,' K It Hi ^ -f ^ - K J-) , =Sr ;» 
L X V CD t£ i» *» h 'it M £ n . V DU If. t£ J; (j 0, U x 

5 l t Vbbd/ - k rc u. , / t v * * « ft w ia 

P>j O K iy -f y t, V ss t V UD O (Hj ^ ^ (,) ^ 

i 7t . * g% M n _t E * js w ^ n a m ti ?t (c 
hum c >>- i-' i y ij - y * >j )mtiaffi-c# 

4. . 

C 56 m <o fa * ) 

1* L ft i 5 It * » W o ^ « id t K IS K J: 

t7. St 8ft ^BLKfeLTtSiht-K 
HlimitttlT 7:* < T4 i 5 K L)t«T . * 
«o f y f «"OWK«tt«r'l>2 < T S y5 t£ -f> -t> ^ 
nh5yi/^*oy - ► TiTjigK; 

It 4 X 5 M Iffl .ft *r # & lo K © £ rc l 9> b 
»*«KW4.(H LtfMti»T4 C t # -c * a „ 
TTil^ts, *5S»)«Si«fir* t t. T Steffi L K 

L T / * 0 -feA-<^2ft;SBP3«ffia5:yjij^^ 
ft ^ i£ * n jt * IJ |C Jt -4 t 5~ 2 0 »'OStAffl 
■ L ^ M " fi IS' 1C * ; « f S ft . 

m <n ss js>. wi m 

6 i iai ft =g fe 3 ta « * k « ?) ft a ^ k tfj r 4 
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Isi cO 2 1* V DI) ,V SS <D1k.tES£SH^K*5, V BBD 

S 3 0 telK « v>t , iioNf^yt*M 
•s S> * 9 N..-N, i # iff #1 «** S ft , Or * 1 * & 

S> N,, - Ni > "3 y< y 9 f - KVitti.LT V ss % 
S. & E|J >m $ n , _L foi h -9 ^ ^ 9 N, , « K u- ^ 
v K tt is *i ^ Kc ? tl X \,> i, . L ft. O T . 

«■ h 5yi>-»# N,, -N j i « 5 ife "gf Sk/i V ^ 
■ft ^ 5 xyj?^ N, , - N ) i O y « (£ j) y - 

W. ££ K T 4 S« M. ttt E f* T «i «; 4£> K . Y ? V 
o * 9 Ni i n y - ^ *> e> Vq, i V St! a cf |Ul J* 
<>•> m ££ V' oo *>i » P> 5 . 

ft 3 1 B K ii t . j m 1 J t- -V J' * /t- y ? 
> is 9 P,, - Pij *! fi ?ij ts fcE * lr , «■ h 9. x e> 

an z)i en s it. . h ? y ^ ^ y h„ « y - ^ k v ss 

B * : S fit f K t . L ft: z)t O T . =& h ? v 

t> A # P,, -fij w s S "Sf is fT 7^ ^ , ft I- ? 

>■ V ^ 9 K„~ Pij f) K w 1 ^TSttf^y - ^itiEE 

K 5fJ T 4 litf IK « E ± # f) ft it. K . t ?yy^/ 

fc tt It ji T t ») t i a; 1 Est « ii/H SS ^ ^ ? -f y- 
H*i-gr)f y f*Ht!7 - K iB V ttx -r 

lai en la . «s 2 fei ii m ia«/tij**»)ffiftf 
? ^ i> ^ ^ <o tsi a; sr-i ae <w tt * #c r isa . m 3 fe) 

H « 1 ") / % 'J * n- n m n H &. (~V B ) « f y 

Y m i I £ & A. IK] T 0 3 £ftj a* * 7l< t m . & 4 Eg) (aj 

(b) ^ ae 7 1a (*} , (bj tt ^ % w 01 Hi 1 n m 1 m 
m m v 7F r <■> « -e ; tn* ftWiaiKais w k ^ 
. r tia W5 El . (b) Isa a 0 fflj /x |o| ^ g| , g g a ;j s s 
1 1 63 H ± sii 8 1 1 4 1 » fdj k « it i S » 
ttt tE <o * g $ bo ft ^ 2 t& n m 5 

taw * ^ r 1a > » 1 3 a « » 6 ^ »b ^ % * 
r ibi t« bg . »i 4 ea ii ffl 1 aissJiowiiatsiEBaft 
^ * r la . m 1 s isa I* a? 7 w w v -r ttdJ K fin . 

sft' 1 6 fel 14 ft" 8 * 48 ffg 4r at r ISI K5 tea . 1 7 la 
75 3? ft 2 0 &li*^Jt';h.5!9<5LT»-'9 7:>3S« 

a i w % %r ^ r (hi bs igi x $g 2 1 ia i4 $a i s ta 
7s =b fft 2 0 si «o ft: » *. a * * t ta . as 2 2 

ISI.7V S » 2 4 B B t n- H K L T K 1 2 )JS 



W I 4 * to tftf & * T !si ftS lis . & 2 s El « # 2 2 3iSfi6S53-2 11391 f10) 

lifl ft .jg & 2 4 G3 <0 ttc & fel l£ lis 4- * r la . & 
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SPECIFICATION 

1. Title of Invention 

Semiconductor Storage Device 

2. What Is Claimed Is 
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(1) A semiconductor storage device comprising: plural 
static memory cells arrayed in row direction and column 
direction, a pair of bit lines connected to each end of a 
pair of transfer MOS transistors in each of memory cells in 
the same column; a word line connected to each gate of the 
transfer MOS transistors in each of memory cells in the same 
row; and power supply switching means for switching one of 
two power supplies to be supplied to said memory cell to a 
third power supply upon reading of memory cell, thereby 
increasing a potential difference between the two power 
supplies of the memory cell in comparison with that during 
a memory pause mode period. 

(2) The semiconductor storage device according to claim 1, 
wherein said third power supply, different from the two 
power supplies used in peripheral circuits other than the 
memory cell, has a voltage out of a voltage range of the two 
power supplies. 

(3) The semiconductor storage device according to claim 1, 
wherein said third power supply is one of the two power 
supplies used in peripheral circuits other than the memory 
cell . 

(4) The semiconductor storage device according to claim 1, 
wherein said power supply switching means switches the other 
power supply of the two power supplies to be supplied to said 
memory cell to a fourth power supply. 
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(5) The semiconductor storage device according to claim 4, 
wherein said fourth power supply, different from the two 
power supplies used in peripheral circuits other than the 
memory cell, has a voltage out of a voltage range of the two 
power supplies and on a side different from said third power 
supply . 

(6) The semiconductor storage device according to claim 4, 
wherein said fourth power supply, different from the two 
power supplies used in peripheral circuits other than the 
memory cell, has a voltage in an intermediate area of voltage 
range of the two power supplies. 

(7) The semiconductor storage device according to claim 1, 
wherein said third power supply is supplied as a back gate 
power supply to a semiconductor substrate or an impurity 
diffusion layer of inverse conductive type to the 
semiconductor substrate, provided in the semiconductor 
substrate . 

(8) The semiconductor storage device according to claim 4, 
wherein said fourth power supply is supplied as a back gate 
power supply. 

(9) The semiconductor storage device according to claim 1, 
wherein said third power supply is generated by a voltage 
generation circuit that operates the two power supplies 
supplied from the outside the memory or used in peripheral 
circuits other than said memory cell. 
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(10) The semiconductor storage device according to claim 4, 
wherein said fourth power supply is generated by a voltage 
generation circuit that operates the two power supplies 
supplied from the outside the memory or used in peripheral 
circuits other than said memory cell. 

(11) The semiconductor storage device according to claim 1, 
wherein said static memory cell is an E/R type memory cell, 
and wherein all the enhancement type transistors used in the 
cell are of N-channel or P-channel type. 

(12) The semiconductor storage device according to claim 1, 
wherein said static memory cell is a CMOS memory cell. 

(13) The semiconductor storage device according to claim 1, 
wherein a control voltage to switching control said power 
supply switching means is generated based on a column 
decoder output applied to a gate of a bit-line selection 
transistor connected to said pair of bit lines. 

3. Detailed Description of the Invention 
[Technical Field of the Invention] 

The present invention relates to a static type 
semiconductor storage device applied to an integrated 
circuit memory, a memory of 1-chip microcomputer and the 
like. 

[Technical Background of the Invention and Its Problem] 
As memories are highly integrated and have large 
capacity, memory cells connected to bit lines become fine 



- 5 - 



and their driving performance becomes lower. On the other 
hand, the number of memory cells connected to one bit line 
increases, and the capacity of the bit line increases. 
Accordingly, upon reading, time required for driving a pair 
of bit lines and obtaining a read-enable potential 
difference therebetween by one memory cell increases, and 
the reading time is prolonged. Further, for the sake of 
reduction of electric consumption, a power supply voltage 
of the memory must be reduced. In this case, the driving 
performance of the memory cell is further lowered, and the 
reading time is further prolonged. On the other hand, (a) 
to reduce electric capacity of bit line as load, the drain 
area of transfer transistor of the memory cell connected to 
the bit line is reduced as much as possible so as to reduce 
diffusion capacity, or on the contrary, (b) to increase the 
driving performance of the cell, the gate width of the 
transistor of the cell is increased. However, in the method 
(a) , as the minimum drain area of the transfer transistor 
cannot be equal to or smaller than a contact surface between 
the drain and the bit line formed with a metal wire layer, 
the diffusion capacity of the bit line cannot be reduced so 
much. However, as the transistor becomes fine, the punch 
through withstand voltage becomes lower, and accordingly, 
the concentration of the substrate must be increased. This 
increases the diffusion capacity of. the drain of the 
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transfer transistor, and increases the diffusion capacity 
of the bit line. On the other hand, in the method of (b) , 
as the increase in the gate width of the transistor increases 
the cell size, the increase can be made only when the area 
of the cell pattern have some allowance. However, if the 
cell area has no allowance, the gate width of the transistor 
is increased at most 10%. The increase cannot be easily 
realized in any cell pattern. 
[Purpose of the Invention] 

The present invention has been made in view of the 
above situation, and provides a semiconductor storage 
device in which reading time can be easily and effectively 
reduced in comparison with the conventional method of 
reducing the electric capacity of bit line and the method 
of increasing the gate width of the transistor of memory 
cell, having physical difficulties. 
[Summary of the Invention] 

That is, the semiconductor storage device of the 
present invention comprises power supply switching means 
for switching one of two power supplies to be supplied to 
a static memory cell to a third power supply upon memory cell 
reading, thereby increasing a potential difference between 
the two power supplies of the memory in comparison with that 
in a memory pause mode period. 
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Accordingly, upon reading, i.e., during a read mode 
period or the entire or part of read cycle, the potential 
difference between the two power supplies is larger than 
that in the pause mode period, the bit line driving 
performance of the memory cell increases, and high-speed 
reading can be made . 

[Working Example of the Invention] 

Hereinbelow, a working example of the present 
invention will be described in detail with reference to the 
drawings. First, the principles of the present invention 
will be described. Fig. 1 shows connection between a 
so-called E/R type memory cell using resistor element loads 
and enhancement type drive transistors, a pair of bit lines 
BL, BL , and a word line WL, as an example of the static memory 
cell. Note that in this example, the drive transistor and 
the transfer transistor of the memory cell are N-channel MOS 
transistors. The memory cells are arrayed in row direction 
and column direction. A pair of bit lines BL, BL is 
connected to the memory cells in the same column of the 
memory cell, and one word line WL is connected to the memory 
cells in the same row. In the memory cell, each terminal 
of resistor devices R 1( R 2 are connected to a first power 
supply v DD on the high potential side, an enhancement type 
N-channel MOS transistor (drive transistor) Ti is connected 
between the other terminal (node H) of the resistor device 
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R 1 and a second power supply (-V B ) on the low potential side, 
and an enhancement type N-channel MOS transistor (drive 
transistor) T 2 is connected between the other terminal (node 
L) of the resistor device R 2 and the second power supply 
(-V B ). The gate of the transistor T 2 is connected to the 
node H, and the gate of the transistor T 1 is connected to 
the node L. Further, an enhancement type N-channel MOS 
transistor (transfer transistor) T 3 is connected between 
the node H and the bit line BL, and an enhancement type 
N-channel MOS transistor (transfer transistor) T 4 is 
connected between the node L and the bit line BL . The gates 
of these transfer transistors T 3 , T 4 are connected to the 
word line WL . Further, the -V B power supply is applied as 
a back gate voltage of the respective transistors T t to T 4 . 

In the memory cell, assuming that the transistor Ti 
is off, the transistor T 2 , on, the node H, at a high level 
potential V H , and the node L, at a low level potential V L , 
the potential V H is the V DD voltage, and the potential V L is 
closer to the -V B voltage at this time. Characteristics of 
voltage V versus current I between the source and the drain 
of the drive transistor T 2 connected to the bit line BL at 
the low level potential V L are as shown in Fig. 2. Note that 
V T denotes a threshold voltage of the drive transistor T 2 , 
and the substrate bias dependence of the threshold voltage 
is ignored for the sake of simplification of explanation. 
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The difference in the respective characteristics in -V B =O v , 
-V B =-V B1 or -V B2 is the difference in source potential of the 
drive transistor T 2 , and therefore, even though the gate 
potential V H is constant, the gate potential to the source 
potential differs, and the current driving performance of 
the drive transistor T 2 greatly differs in accordance with 
the value of -V B . As the low level potential VL is far less 
than V H -V T , the drive transistor T 2 performs triode 
operation. The difference in the V-I characteristics of the 
drive transistor T 2 due to the difference in the -V B 
potential is the difference in raise of the voltage V between 
the source and drain around OV. It is understood that as 
the -V B potential becomes negative potential from OV, the 
pull-in driving performance to the bit line BL increases. 

Fig. 3 shows pull-in time T from the precharge level 
of the bit line BL with respect to the -V B potential to the 
low level potential side in the memory cell in Fig. 1. As 
-V B becomes higher negative voltage, the pull-in driving 
performance of the cell increases, thereby the bit line 
pull-in time T decreases. Note that in a CMOS memory cell 
where a load transistor and a drive transistor are of 
mutually inverse conductive types, the relation as shown in 
Fig. 3 is established. 

Accordingly, the present invention performs high- 
speed reading by increasing the potential difference 
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between one power supply V DD and the other power supply (-V B ) 
of the cell in comparison with the pause mode period of the 
memory . 

Hereinbelow, particular examples where the present 
invention is applied to various types of static memory cells 
will be described. 

First, the nomenclature of memory cells will be 
described. Among the E/R type cells, an N-channel cell will 
be referred to as an RN cell, and a P-channel type cell, a 
RP cell. Among the CMOS type cells, an N-channel transistor 
will be referred to as a CN cell, and a P-channel transistor, 
a CP cell . 

Fig. 4(a) schematically shows an application of the 
invention to the RN cell, and the details are as shown in 
Fig. 4 (b) . Note that the high potential side voltage of the 
cell is represented as V DDC , the low potential side voltage, 
V ssc , the back gate voltage of the tranistors T x to T 4 , V XBN , 
the word line, WL, and the pair of bit lines, BL, BL . 

Fig. 5(a) schematically shows an application of the 
invention to the RP cell, and the details are as shown in 
Fig. 5(b). Note that numerals Ti 1 To T 4 1 denote P-channel 
MOS transistors; and Ri and R 2 , resistor devices. The back 
gate voltage of the cell is represented as V XBP . The other 
elements have the same representation as those in Fig. 4. 
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Fig. 6(a) schematically shows an application of the 
invention to the CN cell, and the details are as shown in 
Fig. 6 (b) . 

Fig. 7(a) schematically shows an application of the 
invention to the CP cell, and the details are as shown in 
Fig. 7 (b) . 

Note that in Figs. 6 and 7, numerals T 5 to T 8 denote 
N-channel MOS transistors; T 5 ' to T 8 ' , P-channel MOS 
transistors; V DDC , the high potential side power supply; v ssc , 
the low potential side power supply; v XBN and V XBP , 
respectively back gate power supplies of N-channel 
transistor and P-channel transistors, supplied to a 
semiconductor substrate and an impurity diffusion layer of 
inverse conductive type to the semiconductor substrate, 
provided in the semiconductor substrate. 

Figs. 8 to 11 show the relation among power supply 
voltages selectively applied to the memory cells in Figs. 
4 to 7 . Numerals V DD and V ss denote voltages (V DD >V SS ) of two 
power supplies used in peripheral circuits other than the 
memory cell; V BBS and V BBD , voltages of third power supplies 
respectively out of the range of the two power supplies, 
i.e., V BBS <V SS , V BBD >V DD holds; V DD . and V ss ., of fourth power 
supplies, and V ss < v DD . <v DD , V ss <v ss .<v DD hold. in this case, 
potential differences |V DD .-v BBS |, |V BBD -v ss .| between the 
third and fourth power supplies are set to be higher than 
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the potential difference between the two power supplies of 
the memory cell during the pause mode period of the memory, 
I V DD -V SS | . 

(1) First Working Example 

The memory cell as shown in Fig. 4 or 6 is used. As 
the power supply voltage of the memory cell, the power supply 
with the voltage relation as shown in Fig. 8 is prepared. 
Upon reading, V DDC =V DD , V ssc = V XBN = V BBS hold, and further, in 
Fig. 6, V XBP >V DDC holds. 

(2) Second Working Example 

The memory cell as shown in Fig. 5 or 7 is used. As 
the power supply voltage of the cell, the power supply with 
the voltage relation as shown in Fig. 9 is prepared. Upon 
reading, V DDC = V XBP = V BBD / V SSC = V SS hold, and further, in Fig. 7, 
Vxbn^V ssc holds. 

According to the above - described first and second 
working examples, upon reading, at least one of the high 
potential side power supply voltage V DDC and the low 
potential side power supply voltage V ssc is the voltage V BBS 
or v BBD of the third power supply out of the voltage range 
(V DD to V ss ) of the two drive power supplies used in 
peripheral circuits other than the memory cell, and the 
potential differences between the two power supplies of the 
memory cell |V DD -v BS |, |V BBD -v ss | are greater than the 
potential difference between the two power supplies of the 
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' ss 



memory cell during the pause mode period |V DD -V S 
Accordingly, the pull-in driving performance of the cell to 
the bit line in the V ss power supply voltage direction or 
V DD power supply voltage direction increases. As described 
in Fig. 3, the bit line pull-in time is reduced, and the 
reading time is reduced 5 to 20% in comparison with the 
conventional art. 

(3) Third Working Example 

The memory cell as shown in Fig. 4 or 6 is used. As 
the power supply voltage of the memory cell, four power 
supplies with the voltage relation as shown in Fig. 10 are 
prepared. Upon reading, V DDC =V DD ., V ssc = V XBN = V BBS hold, and 
further, in Fig. 6, V XB p>V dds holds. 

(4) Fourth Working Example 

The memory cell as shown in Fig. 5 or 7 is used. As 
the power supply voltage of the memory cell, four power 
supplies with the voltage relation as shown in Fig. 11 are 
prepared. Upon reading, V DDC = V XBP = V BBD , V ssc =v ss . hold, and 
further, in Fig. 7, V XBN >V SSS holds. 

According to the above - described third and fourth 
working examples, upon reading, the third power supply V BBS 
or V BBD , and the fourth power supply V DD . or V ss . , used in the 
peripheral circuits other than the memory cell, different 
from the driving two power supplies V DD , v ss , are used as the 
two power supplies of the memory cell, and the potential 
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difference between the third and fourth power supplies is 
greater than that between the two power supplies of the 
memory cell during the pause mode period. Accordingly, the 
pull-in driving performance of the cell to the bit line 
increases, and as described in Fig. 3, the bit line pull-in 
time T is reduced, and the reading time is reduced 5 to 20% 
in comparison with the conventional art. 

Note that in the first and third working examples, 
V X bn=Vbbs holds, however, it may be arranged such that a power 
supply with a voltage lower than V BBS is provided and the 
voltage of the power supply is used as V XBN . Further, in the 
second and fourth working examples, V XBP =V BBD holds, however, 
it may be arranged such that a power supply with a voltage 
higher than V BBD is provided and the voltage of the power 
supply is used as V XBP . 

Next, description will be made about fifth to eighth 
working example where power supply switching means for 
switching one of the power supplies of the memory cell upon 
memory cell reading so as to increase the potential 
difference between the two power supplies of the memory cell 
to be greater than that during the pause mode period is used, 
thereby the reading speed is increased. 
(5) Fifth Working Example 

The RN cell is used as shown in Fig. 12, and the power 
supply voltage with the relation as shown in Fig. 8 
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(V DD >V SS >V BBS ) is used. V DDC =V, 



ddi V X bn = V B bs hold. An N- channel 



MOS transistor N x , gate - controlled by a control voltage 
Vin 1( is connected between the V ss line and the V ssc line of 
the cell, and an N-channel MOS transistor N 2 , gate- 
controlled by a control voltage Vin 2 , is connected between 



mode period, the voltage Vini is a high level voltage while 
the voltage Vin 2 is a low level voltage, the transistor Ni 
is on while the transistor N 2 is off, and V SSC = V SS holds. On 
the other hand, upon reading, the voltage Vini is a low level 
voltage while the voltage Vin 2 is a high level voltage, the 
transistor Ni is off while the transistor N 2 is on, and 
V S sc-V BBS holds. At this time, the potential difference 
between the two power supplies V DDC and V ssc of the memory cell 
increases . 

(6) Sixth Working Example 

The CN cell is used as shown in Fig. 13, and the power 
supply voltage with the relation as shown in Fig. 14 

(V DD >V SS . >v ss ) is used. V DDC =V XBP =V DD , V XBN =V SS hold. The N- 
channel transistor Ni is connected between the V ss . line and 
the V ssc line of the cell and the above - described Vini is 
applied to its gate, and the N-channel transistor N 2 is 
connected between the V ss line and the V ssc line of the cell 
and the above - described Vin 2 is applied to its gate. 
Accordingly, in comparison with the potential difference 



the V 



bbs line and the V, 



ssc line of the cell. During the pause 



- 16 - 



( I V DD -V SS ' I ) between the two power supplies of the cell during 
the pause mode period, it becomes V DD to V ss upon reading, 
thus becomes relatively large. 
(7) Seventh Working Example 

The RP cell is used as shown in Fig. 15, and the power 
supply voltage with the relation as shown in Fig. 9 
(V BBD >v DD >v ss ) is used. v ssc =v ss , V XB p=V bbd hold. A P-channel 
transistor P 1( gate - controlled by a control voltage Vin x , 
is connected between the V DD line and the V BBD line, and a 
P-channel transistor P 2 , gate - controlled by a control 
voltage Vin 2 , is connected between the V BBD line and the 
V DDC line of the cell. During the pause mode period, the 
voltage Vin x is a low level voltage while the voltage Vin 2 
is a high level voltage, the transistor P 1 is on while the 
transistor P 2 is off, and V DDC =V DD holds. On the other hand, 
upon reading, the voltage Vin, is a high level voltage while 
the voltage Vin 2 is a low level voltage, the transistor P x 
is off while the transistor P 2 is on, and V DDC = V BBD holds. At 
this time, the potential difference between the two power 
supplies V DDC , V ssc of the memory cell increases. 
(8) Eighth Working Example 

The CP cell is used as shown in Fig. 16, and the power 
supply voltage with the relation as shown in Fig. 17 
(V DD >V DD .>v ss ) is used. V ssc = v XBN =v ss , V XBP = v DD hold. The P- 
channel transistor P 1 is connected between the V DD . line and 
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the V DDC line of the cell and the above - described vin, is 
applied to its gate, and The P-channel transistor P 2 is 
connected between the V DD line and the V DDC line of the cell 
and the above - described Vin 2 is applied to its gate. 
Accordingly, in comparison with the potential difference 
between the two power supplies of the cell during the pause 
mode, |V DD .-V SS |, that is |V DD -V SS | upon reading, which is 
relatively large. 

Next, description will be made on ninth to fourteenth 
working examples where both of the two power supplies of the 
memory cell upon memory cell reading are switched so as to 
increasing the potential difference between the two power 
supplies of the cell to be grater than that during the pause 
mode period, thereby the reading speed is increased. 
(9) Ninth Working Example 

The RN cell is used as shown in Fig. 18, and the power 
supply voltage with the relation as shown in Fig. 21 
(Vbbd>V dd >V ss >V BB s) is used. V xbn =V B bs holds. An N- channel 
transistor N 3 , gate - controlled by a control voltage Vin 3> 
is connected between the V ss line and the V ssc line of the 
cell, an N-channel transistor N 4 , gate - controlled by a 
control voltage Vin 4 , is connected between the V BBS line and 
the V ssc line of the cell, an P-channel transistor P 3 , 
gate-controlled by a control voltage Vin 3 , is connected 
between the V DD line and the V DDC line of the cell, and a 



- 18 - 



P-channel transistor P 4 , gate - controlled by a control 
voltage Vin 4 , is connected between the V BDD line and the V DDC 
line of the cell . During the pause mode period, the voltages 
Vin 3 and Vin 4 are high level voltages while the voltages 
Vin 3 and Vin 4 are low level voltages, the transistors N 3 and 
P 3 are on while the transistors N 4 and P 4 are off, and V ssc =v ss , 
V D dc-V dd hold. On the other hand, upon reading, the voltages 
Vin 3 and Vin 4 are low level voltages while the voltages vin 3 
and Vin 4 are high level voltages, the transistors N 3 and P 3 
are off while the transistors N 4 and P 4 are on, and V SSC =V BBS , 
V D dc=V bbd hold. The potential difference between the two 
power supplies V DDC , V ssc of the memory cell increases. 

(10) Tenth Working Example 

The RP cell is used as shown in Fig. 19, and the power 
supply voltage with the relation as shown in Fig. 21 is used. 
V XB p=V BBD holds. In comparison with the ninth working 
example, merely the type of the cell and the back gate 
application voltage of the cell are different, and an 
operation corresponding to that of the ninth working example 
is performed. 

(11) Eveleth Working Example 

The CMOS cell (the CN cell in Fig. 6 or the CP cell 
in Fig. 7) is used as shown in Fig. 20, and the power supply 
voltage with the relation as shown in Fig. 21 is used. 
Vxbn=V bbs , V XBP =V BBD hold. In comparison with the ninth working 
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example, merely the type of the cell and the back gate 
application voltage of the cell are different, and an 
operation corresponding to that of the ninth working example 
is performed. 

(12) Twelfth Working Example 

The RN cell is used as shown in Fig. 22, and the power 
supply voltage with the relation as shown in Fig. 25 
(V DD >V DD . >v ss . >v ss ) is used. As the above V BBD< V DD , V ss , V BBS 
in the ninth working example described in Fig. 18 to 21 are 
replaced with V DD , V DD . , V ss ., V ss in Fig. 23, and an operation 
corresponding to that of the ninth working example is 
performed. 

(13) Thirteenth Working Example 

The RP cell is used as shown in Fig. 23, and the power 
supply voltage with the relation as shown in Fig. 25 is used. 
As the above power supply voltages in the tenth working 
example described in Figs. 19 and 21 are replaced with those 
in Fig. 23, and an operation corresponding to that of the 
tenth working example is performed. 

(14) Fourteenth Working Example 

The CMOS cell (the CN cell in Fig. 6 or the CP cell 
in Fig. 7) is used as shown in Fig. 24, and the power supply 
voltage with the relation as shown in Fig. 25 is used. As 
the above power supply voltages in the eleventh working 
example described in Figs. 20 and 21 are replaced with those 
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in Fig. 23, and an operation corresponding to that of the 

eleventh working example is performed. 

Next, a generation circuit of the control voltages 
Vin! to Vin 4 in the fifth to fourteenth working examples will 
be described. 

In Fig. 26, numeral 20 denotes a control voltage 
generation circuit; 21, a column decoder; 22, an R/W 

(read/write) control circuit; N 5 and N 6 , N-channel 
transistors for bit line selection; SL and SL , sense lines; 
N 7 and N 8 , N-channel transistors for charging the sense 
lines; and 23, a sense amplifier. Although the display of 
the power supply lines of the cell is omitted, a cell 
connected to the pair of bit lines BL, BL is connected to 
the same power supply line. The control voltage generation 
circuit 20 has a CMOS inverter CIi including a P-channel 
transistor P 9 and an N-channel transistor N 9 , and a CMOS 
inverter CI 2 including a P-channel transistor P 10 and an 
N-channel transistor Ni 0 , connected in two stages. Note that 
an output from the first stage inverter CIi is represented 
as Voi, that from the second stage inverter CI 2 , Vo 2 - 
In the circuit of Fig. 26, in a case where the 
connection among the cell power supplies is as described in 
the fifth working example (Fig. 12) of the sixth working 
example (Fig. 13) , power supply wiring is made such that 
power supply voltages Vdd 1# Vssj. of the control voltage 
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generation circuit 20 and power supply voltages V dd x and 
back gate voltage V ss 1 of the sense-line precharge 
transistors N 7 , N 8 become V DD , V BBS , V DD , V BBS in Fig. 12 or V DD , 
V ss . V DD , V ss in Fig. 13, and V 0 i = Vin 1( V 02 =Vin 2 hold. In the 
R/W control circuit 22, upon writing and in the pause mode, 
an output node C is at a low level potential, and V 0 i=Vdd! 
(high level voltage) , v 02 =Vss 1 (low level voltage) hold. On 
the other hand, upon reading, the output node C is at the 
same potential as that of an output Vc of the column decoder 
21, and when Vc is at a high level potential upon column 
selection, V Q1 = Vss 1( V 02 = VdDi hold. Accordingly, upon 
reading, the potential difference between the 2 power supply 
voltages supplied to all the cells connected to the 
column- selected pair of bit lines BL, BL increases, and a 
pair of transfer transistors are on in one selected cell 
connected to one selected word line, which is at a high level 
voltage, among the word lines WL connected to the cells. One 
of the bit lines BL, BL is pulled in to the low voltage side 
by the large driving force of the selected cell, then the 
bit line voltage is transmitted to the pair of sense lines 
SL, SL , via the bit line selection transistors N s , N 6 , and 
further, it is amplified by the sense amplifier 23 and 
outputted as a read signal. 

Further, in Fig. 26, in a case where the connection 
relation among the cell power supplies is that of the ninth 
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working example (Fig. 18) or the twelfth working example 
(Fig. 22), the power supply wiring is made such that V SS i, 
Vddi. V's Slf V' DD1 In Fig. 26 become V BBS , V BBD , v BBS , V BBD in Fig. 
18 or V ss , V DD/ V ss , V DD in Fig. 22, and V 01 = Vin 4 =Vin 3 , 
V 0 2=Vin 4 = Vin 5 hold. In the R/W control circuit 22, upon 
writing or in the pause mode, the output node C is at a low 
level voltage, and V 01 =V DD1 , V 02 = v ssl hold. On the other hand, 
upon reading and column selection, the output node C is at 
a high level voltage, and V 01 =V SS1 , V 02 =V DD1 hold. The 
operation upon reading is the same as that in the above - 
described fifth and sixth working examples. 

Further, in Fig. 26, in a case where the connection 
relation among the cell power supplies is that of the 
eleventh working example (Fig. 20) or the fourteenth working 
example (Fig. 24) and the CN cell as shown in Fig. 6 is used, 
the connection may be made similar to the power supply system 
and the control voltage system in the above - described ninth 
working example or the twelfth working example. 

In Fig. 27, the P-channel transistors P 5 and P 6 are used 
for bit selection, and P-channel transistors P 7 and P 8 , for 
sense line charging. Low- level logic type column decoder 
21' and R/w control circuit 22' are used. An output from 
the first stage inverter CIj. of the control voltage 
generation circuit 20 is represented as V 03 . and that from 
the second stage inverter C I2 is represented as V 04 . As shown 
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in the figure, the power supply voltages of the respective 
elements are represented as V DD2 , V ss2 , V ■ DD2 , v' ss2 , and the 
other elements are the same as those in Fig. 26. 

In Fig. 27, in a case where the relation of connection 
among the cell power supplies is that of the seventh working 
example (Fig. 15) or the eighth working example (Fig. 16), 
the power supply wiring is made such that V DD2 , v ss2 , V' DD2 , 
V S s2 in Fig. 27 become V BBD , V ss , V BBD , V ss in Fig. 15 or V DD , 



V ss , V DD , V ss in Fig. 16, and V 03 =Vinl, V 04 = Vin2 hold. In the 
R/W control circuit 22 ' , the output node C is at a high level 
potential upon writing and in the pause mode, and V 03 =V SS2 
(low level voltage), V 04 =V DD2 (high level voltage) hold. On 
the other hand, upon reading, the output node C is at the 
same potential as the output Vc from the column decoder 21 ' , 
and upon column selection, as the Vc is at the low level, 
V 0 3=V DD2 , V 04 = V SS2 hold. Accordingly, upon reading, the 
potential difference between the two power supplies 
supplied to all the cells connected to the column- selected 
pair of bit lines BL, BL increases, the pair of transfer 
transistors become on in one selected cell connected to one 
selected word line whose potential is at a low level voltage, 
among the word lines WL connected to these cells, one of the 
bit lines BL, BL is pulled-in to the high voltage side by 
a large driving force of the cell, the bit line voltage is 
transmitted via the transistors P 5 , P 6 to the sense lines 
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SL ( SL , amplified by the sense amplifier 23 and outputted 
as a read signal. 

Further, in Fig. 27, in a case where the connection 
relation among the cell power supplies is that of the tenth 
working example (Fig. 19) or the thirteenth working example 
(Fig. 23), the power supply wiring is made such that V SS2 , 
V DD2 , V ss2 , v dd2 in Fig. 27 become V BBS , v BBD , V ss , V DD in Fig. 
20 or V ss , V DD , v'ss. V DD in Fig. 24, and V 03 = Vin 3 =Vin 4 , 
V 04 = Vin 4 =Vin 3 . 

Further, in Fig. 27, in a case where the connection 
relation among cell power supplies is that of the eleventh 
working example (Fig. 20) or the fourteenth working example 
(Fig. 24) and the CP cell as shown in Fig. 7 is used, the 
connection may be made similar to the power supply system 
and the control voltage system in the above - described 
eleventh working example or the twelfth working example. 

Note that the control voltage generation circuit 20 
in above-described Figs. 26 and 27 has a CMOS circuit 
construction, however, it may have a so-called E/D circuit 
construction including an enhancement type transistors and 
depletion type transistors. 

Further, in the respective working examples, the 
power supply voltages V BBD , V bbs , v dd , v ss used in the memory 
cell, in addition to the power supply voltages V DD and V ss 
used in the peripheral circuits other than the memory cell, 
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may be supplied from the outside the memory, however, an 
output from a substrate bias generation circuit as described 
below may be used. 

In Fig. 28, inverters I x to I 3 construct a ring 
oscillator, and an output terminal of the oscillator is 
connected to the V BBS node serially via an inverter I 4 and 
a capacitor C x . The node is grounded to the V ss power supply 
(ground potential) via a diode Di constructed with an N- 
channel transistor in a forward direction, and a smoothing 
capacitor C 2 is connected to the diode D x . Accordingly, an 
output from the oscillator is amplified by the inverter I 4 , 
and the output causes charge pumping on the V BBS node. In 
the node, a positive voltage higher than the V ss voltage 
is discharged from a diode to the V ss power supply, and 

a negative voltage lower than the V ss voltage is smoothed 
by the smoothing capacitor C 2 - Thus, in the V BBS node, the 
V BBS power supply voltage out of the voltage range of the two 
power supplies V DD , V ss in the peripheral circuits other than 
the memory cell is obtained. 

In Fig. 29, inverters I x ' to I 3 ' construct a ring 
oscillator, and an output terminal of the oscillator is 
connected to the V BBD node serially via an inverter I 4 • and 
the capacitor C x . The node is connected to the V DD power 
supply via a diode D 2 constructed with a P-channel 
transistor in an inverse direction, and the smoothing 
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capacitor C 2 is connected in parallel to the diode D 2 . 
Accordingly, an output from the oscillator is amplified by 
the inverter I' 4 , and the output causes charge pumping on 
the V BBD node via the capacitor Ci . In the node, a voltage 
lower than the V DD voltage is charged from the V DD power 
supply via the diode D 2 , and a voltage higher than the V DD 
voltage is smoothed by the smoothing capacitor C 2 . Thus, 
in the V BBD node, the V BBD power supply voltage out of the 
voltage range of the two power supplies V DD , v ss of the 
peripheral circuits other than the memory cell is obtained. 

In Fig. 30, i N-channel transistors N X1 to N x i are 
serially connected, and the V ss voltage as a back gate 
voltage of the respective transistors N X1 to N x i is applied, 
and the V DD power supply is connected to the drain of the 
transistor N u . Accordingly, the respective transistors N X1 
to Nii perform pentode operation, and due to threshold 
voltage drop of the drain voltage of the respective 
transistors N 1X to Nxi with respect to the source voltage, 
the voltage V' DD in an intermediate area between the V DD and 
V ss is obtained from the source of the transistor N x i. 

In Fig. 31, j P-channel transistors P u to P x j are 
serially connected, and the V DD voltage as a back gate 
voltage for the respective transistors Pu to Pxj is applied, 
and the V ss power supply is connected to the drain of the 
Pu. Accordingly, the respective transistors Pu to P x j 
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perform pentode operation, and due to threshold voltage drop 
of the drain voltage of the respective transistors P X1 to 
Pj with respect to the source voltage, the voltage V ' ss in 
an intermediate area between the V DD and V ss is obtained from 
the drain of the transistor P x j . 

Further, the present invention is applicable to a ROM 
(Read Only Memory) other than the RAM in the embodiments. 
[Effect of the Invention] 

As described above, according to the semiconductor 
storage device of the present invention, upon reading, the 
potential difference between the two power supplies 
supplied to the static memory cell is increased in 
comparison with that during the pause mode period, 
accordingly, the reading time can be easily and effectively 
reduced without the problem in the conventional method of 
reducing the electric capacity of bit line and the method 
of increasing the gate width of the transistor of the cell. 
That is, as a result of implementation of the present 
invention, upon reading, the reduction of reading time by 
5 to 20% is realized in comparison with the conventional 
memory where the potential difference between the two power 
supplies of the memory cell is not changed. 
4. Brief Description of the Drawings 

Figs. 1 to 3 explain the principles of the present 
invention. Fig. 1 is a circuit digram showing the E/R type 
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static memory cell, the pair of bit lines and the word line; 
Fig. 2, a digram showing the voltage versus current 
characteristics in the drive transistor of the memory cell; 
and Fig. 3, a diagram showing the relation between the power 
supply voltage (-V B ) of the memory cell in Fig. 1 and bit 
line pull-in time T. Figs. 4 (a) (b) to 7(a), (b) show the 
first to fourth working examples of the present invention, 
(a) are schematical circuit diagrams; and (b) , detailed 
circuit diagrams. Figs. 8 to 11 show the relation pf the 
power supply voltages in the first to fourth working 
examples. Fig. 12 is a circuit diagram showing the fifth 
working example; Fig. 13, a circuit diagram showing the 
sixth working example; Fig. 14, a diagram showing the power 
supply voltage relation in Fig. 13; Fig. 15, a circuit 
diagram showing the seventh working example; Fig. 16, a 
circuit diagram showing the eighth working example; Fig. 17, 
a diagram showing the power supply voltage relatiop in Fig. 
16; Figs. 18 to 20, circuit diagrams showing the ninth to 
eleventh working examples; Fig. 21, a diagram showing the 
power supply voltage relation in Figs. 18 to 20; Figs. 22 
to 24, circuit diagrams showing the twelfth to fourteenth 
working examples; Fig. 25, a diagram showing the power 
supply voltage relation in Figs. 22 to 24; Figs. 26 and 27, 
circuit diagrams explaining the control voltage generation 
and supply systems in the respective working examples in 
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Figs. 12 to 25; and Figs. 28 to 31, circuit diagrams showing 
generation circuits of power supply voltages other than V DD , 
V ss in the respective working examples in Figs. 4 to 25. 

T 3 , T 4 , T 3 ' , T 4 ' ... Transfer transistor, BL, BL ... bit 
line, WL ... word line, V DD , V ss , V BBD , V bbs . V DD . , V ss - ... power 
supply voltage, V XBN , v XBP ... back gate power supply voltage, 
N lt N 2 , Pi, P 2 ... power supply switching transistor, N 5 , N 6 , 
P s , P 6 ... bit line selection transistor, 20 ... control voltage 
generation circuit, 21 ... column decoder. 

Agent: Suzue Takehiko, Patent Attorney 
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Fig. 2 W?Ml current I 

ItEEv voltage V 

Fig. 3 3l€fj&#J#fBjTpull-in time T 

Figs. 4, 12,18,22 RN~tL)]/ RN cell 

Fig. 5,15,19,23 RP -£)], rp cell 

Figs. 6, 13 CN-fe^I/ CN cell 

Fig. 7, 16 CPiZJPcp cell 

Figs. 8-11, 14, 17, 21, 25 Mf± voltage 

Figs. 2 0, 2 4CMOSir;l/ CMOS cell 

Figs. 26,27 -feJl/ cell 

21,21' ^7Aj3-y column decoder 

22 '22' R/W$IJ|4P[US§ R/w control circuit 

23 "fe>XT>T7° sense amplifier 

^7A7F1/Xfl^- column address signal 
R/W rljfJfPff £f r/w control signal 
HTC^-tti L ttj^J read output 



